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INTRODUCTION 
The activities and results reported upon in this annual report 
represent those resulting from the second year of a 2-year project. This 
particular 1-year grant, NSF Grant GI-33371, represents an extension of 
activities from grant NSF GA-28189X which covered the period of 1 March 1971 
through 29 February 1972. Thus, the activities reported on in this 
publication cover those results during the period of 1 March 1972 through 
28 February 1973. 
The general goal of the Illinois State Water Survey program involving 
Metromex (METROpolitan Meteorological Experiment) consists of the delineation 
of any anomalies in the precipitation and severe weather patterns and 
frequencies in St. Louis and environs, the quantification of the causes 
for any such anomalies, investigations of the revelance of these findings 
to the local area and to other urban-agricultural areas of Illinois, and the 
transmission of these findings to potential users, in the scientific community 
and to the public of Illinois. This broad, general goal of the Survey 
projects relating to Metromex actually consists of 14 specific goals involving 
field operations and data collection, in-house analysis and research, and 
applications of the results to various users. Importantly, the Water Survey 
goals for Metromex are being achieved by support from three sources: the 
National Science Foundation, the Atomic Energy Commission, and the State of 
Illinois. 
The importance of the goals specifically served by those operations 
and research supported under this NSF Grant can only be fully appreciated in 
the context of the total Water Survey Metromex program. The 14 goals and 
"activity" areas of the Water Survey program appear in Table 1. A flow 
chart depicting these 14 goal-activity areas and how they interrelate appears 
in Fig. 1. The means of information exchange and transmission are coded on 
this chart indicating the means by which data and findings will be exchanged 
between internal scientific activities and with "external" users. 
Those goal-activity areas that are specific to and largely supported 
by NSF Grant GI-33371 are as follows: 
Within the framework of the field oriented project (Goals 1-5) 
Goal 1 - the study of surface rainfall and severe weather 
at St. Louis to define their time and space 
distributions and to delineate the reality of any 
anomalies, 
Goal 2 - the study and measurement of basic surface weather 
conditions at St. Louis to define their spatial 
patterns for various time periods (1 hour up to a 
season), and 
Figure 1. Interaction of Water Survey Metromex goal-oriented projects 
with their internal and external applications 
Goal 3 - the investigation of the low-level airflow, the 
circulation patterns, and low-level turbulence over 
St. Louis. 
Within the framework of the analytical projects with internal (Water 
Survey) Metromex applications (Goals 6-8), grant GI-33371 includes 
Goal 6 - the investigation of atmospheric and meso-scale 
synoptic weather conditions existent on 
precipitation days to define those conditions 
when urban-industrial alterations of clouds and 
precipitation occurs, and 
Goal 7 - modification of the causes for the anomalies, an 
activity-goal jointly sponsored by the AEC 
and the State. . 
Within the context of those goals classified as being "External 
Applications" (9-14), this NSF Grant specifically has activities oriented 
toward 
Goal 9 - the local (St. Louis area) relevance of the 
anomalies, 
Goal 11 - the effect of the results on local (urban) and 
regional planning, 
Goal 12 - improved forecasting of urban precipitation, and 
Goal 14 - the transfer of knowledge and technology to other 
disciplines. 
Thus, the goals of this NSF-supported activity are spread throughout 
the three areas of goals of Illinois Water Survey program: field operations, 
analyses-internal applications, and related applications. State support is 
implicit in many of the aforementioned goals. The support of the Atomic 
Energy Commission in our Metromex program relates largely to goals 3 (partially), 
4, 7 (partially), 9, 10, 11, 13, and 14 (Semonin, 1972). Support from the 
National Science Foundation involving grants other than GI-33371 are largely 
responsible for goals 5, 8, and 13. 
Comparison of the goals and activities reported for NSF GI-33371 and 
1972 with those existing in 1971 (Changnon, 1972a) reveals the addition of 
certain goal-activity areas during 1972. These new goals and activities largely 
concerned 1) a sizeable increase in activities relating to goal 1 wherein many 
more instruments were added to define better precipitation; 2) goal 2 wherein 
again more instrumentation was added to better meet needs for adequate 
definition of the temperature and the humidity patterns of the surface; 
3) goal 3 (which became an entirely new addition to the NSF-supported program) 
with field operations and analysis pertaining to the airflow and urban 
circulation (an effort combining support of this grant and from the AEC); and 
4) the external application goals (Goals 9, 11, 12, and 14) which were clearly 
identified and defined as to users and for transmission of information to users. 
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TABLE 1. SPECIFIC GOALS OF METROMEX PROGRAM OF 
THE ILLINOIS STATE WATER SURVEY 
(1) Milestones 
A - Goal - Activity Areas 1-4 are basically 5-year ongoing projects. They have annual (spring) milestones after data processing 
and initial analysis sufficient to detect measurement gaps. The final milestone involves summary, interpretation, and 
presentation of results to other users. 
B - Has an annual milestone involving review of first year results and re-design (if needed) of second year measurements. Final 
milestone is completion, summary, and translation of information to users. 
C - These studies have 1-year milestones, each aimed at summarizing and reviewing all past results, and the final milestone is 
the summarization and conclusion of the studies. 
D - These activities are basically continuous efforts largely related to user identification, communication of initial results to users, 
feedback of suggestions from users, and then final communication of findings and results. The only milestone is their completion. 
FIELD ORIENTED PROJECTS 
1. Study of surface rainfall and severe weather at St. Louis 5 Years (±1). A Goals 6, 7, 9,11 
to define their time-space distributions and the presence of 
any anomalies. 
2. Study of surface weather conditions (temperature, 5 Years (±1) A Goals 6, 7, 9,11 
humidity, and winds) at St. Louis to define their 
time-space patterns. 
3. Study of the airflow, circulation, and turbulence 5 Years (±1) A Goals 6, 7, 9,10, 11 
over St. Louis. 
4. Study of aerosols including their general sources, 5 Years (±1) A Goals 5, 6, 7, 9, 10 
their transport using airflow measurements to 
clouds, and their deposition, both wet and dry, on the 
ground in the St. Louis area. 
5. Study of changes in surface and groundwater quality 2 Years (±1) B Goal 9 
downwind of St. Louis. 
INTERNAL APPLICATIONS - ANALYTICAL PROJECT 
6. Meso-scale analyses of the synoptic weather conditions 5 Years C Goals 7 and 12 
and atmospheric structure with precipitation events to 
classify events and relate sufrace conditions to 
precipitation processes. 
7. Identification and quantitative definition of the Last 4 Years C Goals 8 and 13, and other Metromex 
causes for the precipitation anomalies. groups 
8. Definition of the measurements critical to define S Years C Goals 1-4, 7 and 11, and other 
urban anomalies and their causes in Metromex and Metromex groups. 
at other cities. 
EXTERNAL APPLICATIONS 
9. Identification of scientific and business concerns Last 4 Years D City engineers, consulting engineers, 
in local St. Louis area where anomalies have relevance. water supply superintendents, local 
farmers and farm associations, 
ecologists, and weather insurance 
companies. Goal 13 will also benefit. 
10. Utilization of pollution data derived from any Last 3 Years D Illinois and federal EPA officials, 
deposition studies. other air pollution studies (RAPS), 
and local pollution agencies. 
11. Definitive information on weather-climatic Last 2 Years D City planners, engineers, and 
changes, due to an urban-industrial area, available zoning boards. 
for local and regional planning. 
12. Improvements in urban area forecasting of Last 3 Years D Meteorologists, (forecasters) in 
precipitation. government and private practice. 
13. Planning for purposeful weather modification Last 3 Years D Water Survey scientists, other 
experiments in Illinois. Meteorologists contemplating rain 
and severe storm modification 
projects, and Illinois Advisory 
Board on Weather Modification 
Control Statute. 
14. Transfer of knowledge gained and new technologies 5 Years D The scientific and engineering 
developed to other scientists and other disciplines. communities. 
Period of 
Goals - Activity Areas Duration Milestones(1) Application of Findings and Users 
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Thus, the activities during the second year were broadened considerably 
without an increase in funds. This was accomplished by streamlining the 
field operations to encompass the new activities and by obtaining on loan 
a sizeable volume of equipment from other groups. 
It is hoped that the entire Water Survey Metromex program, including 
its general goal and the 14 specific goals within the umbrella of the 
general goal, represents a good example of a comprehensive applied meteorological 
effort directed toward state and national problem. Further, it is hoped that 
the explanation reveals how the activities within this specific NSF Grant fit 
as integral parts of this overall program. 
This report is organized around the goals of this grant, as enumerated 
in the previous section. Each of these goals will be described individually, 
and under each goal-activity area the major 1-year activities including the 
operations, data collection and processing, and analysis are presented along 
with selected results. 
GOAL 1 - ACTIVITIES AND RESULTS 
Rainfall Research 
Activities. Two major additions to the raingage network existing 
during the prior year (1971) were made. First, 20 additional recording 
raingages were purchased using State funds and installed primarily in the 
Missouri (western) area of the research circle (Fig. 2). They were 
needed to obtain data in areas where we had been getting data from raingages 
of two other local governmental agencies. Experience during 1971 showed the 
data from these other agencies was of questionable quality and of late 
delivery. Hence, the 222 raingages within the research circle (Fig. 2) 
now all belong to the Illinois State Water Survey and were serviced on a 
weekly basis by Water Survey employees throughout 1972. 
Secondly, the earlier recognized need to measure the precipitation 
farther downwind of the research circle led to a decision to install 21 
recording raingages in an area downwind of the circle, resulting in a network 
with an elliptical shape (Fig. 2). These 21 raingages were made available 
on a loan basis by the Cloud Physics Laboratory of the University of Chicago. 
These raingages also were routinely serviced by Water Survey employees. As 
can be noted in Fig. 2, these downwind-area raingages were not installed at 
a density of those in the research circle. They were installed 9 miles 
apart to cover a bigger area and thus provide rainfall data of a more 
climatological nature. These two major installation efforts were completed 
by June 1972, bringing the entire raingage network for Metromex to a total 
of 246 recording raingages in a 3800-square-mile area. In addition, 
hailpad sensors were installed at all new raingage sites. 
All raingages were operated during the June-August 1972 (summer) 
period using 24-hour clocks (1 revolution day) so as to be able to obtain 
accurate 5-minute rainfall amounts from each site. During the "off season" 
Figure 2. Network of surface instruments in Summer 1972 
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months (non-summer), only half (every other one) of the raingages was 
left operational. A less dense network is needed in these months to monitor 
the less variable rainfall that occurs in the non-summer season. Although 
the climatological studies of St. Louis indicate that the major urban 
enhancement of precipitation is restricted to the summer season (Huff and 
Changnon, 1972), and hence the Metromex emphasis on the summer season, the 
Water Survey program relating to water resources (Goals 9 and 11) make it 
desirable to obtain precipitation data during the other 9 months of the 
year. 
The raingage data in the form of raingage charts were processed at 
the Survey with the data digitized in three primary time formats. First, 
as 5-minute rainfall amounts for each raingage during the summer; secondly, 
1-hour amounts for each raingage in all months; and thirdly, as the 
amounts of rainfall at each raingage during each "rain period". A rain 
period is a discrete period of rainfall on the network (one shower, many 
cells in a system, or one long continuous rain period) that 1) is related 
to a distinct synoptic weather condition and 2) is separated in time and 
space from other rain periods caused by other synoptic events. Rainfall 
data based on these three general forms were used to form much of the 
1972-73 analyses which of course included other multiples such as daily, 
monthly, and seasonal totals. The digitized data from 1971 and 1972 have 
all been retained on magnetic tapes. 
Obviously, the magnitude of the raingage network operations and data 
processing activity was considerable. For example, the summer field 
operations required a) 4 full-time employees each with a vehicle to service 
the raingages and hailpads, b) a maintenance technician to repair and 
calibrate raingages (and other field equipment), c) a part-time supervisor 
for the network technicians, d) a person spending part-time handling the 
data transmissions and keeping of records at the Survey's Champaign-Urbana 
headquarters, e) a professional scientist who inspects the raingage data 
and makes the analytical decisions on the rain periods, f) a full-time person 
who edits the charts, g) another full-time person who uses an analog-to-digital 
machine (autotrol) to "read the charts" so as to digitize them onto tape, 
h) a person to submit the digitized data to the IBM 360/75 computer to 
derive rain period printouts for checking purposes, i) a supervisor, on a 
part-time basis, who checks the initial printouts and makes estimates of 
any missing amounts, and j) finally a person who spends part-time re-entering 
the corrected and estimated data into the final data tapes which consist of 
5-minute totals and rain event totals. After all these stages, the 1972 
rainfall data were ready for various analyses, the results of which will be 
mentioned in the next section. 
Results: Monthly-Seasonal Rainfall. The summer precipitation pattern 
for 1972 is shown in Fig. 3. The area mean rainfall reveals it was not a 
"wet" summer (71% of normal). However, a distinct rainfall maximization 
occurred downwind of St. Louis and the Alton-Wood River area. 
Results for the 1971-72 summers indicate that the urban-induced 
increase in rainfall tends to maximize in the Edwardsville region, about 
Figure 3. Isohyetal pattern for Summer 1972, inches 
20 miles NE of the St. Louis urban area and 10 miles SE of the Alton-Wood 
River industrial complex. It is estimated that urban effects resulted in 
a 20-30% increase in summer rainfall during 1971-72 in the Edwardsville 
region. No substantial evidence was found for increases in the number of 
rain occurrences in this region; that is, indications are that the rainfall 
increases are primarily the result of intensification of existing storms 
rather than development of additional storms in the region. 
Diurnally, the urban effect during 1971-72 was found to maximize in 
the afternoon hours when maximum solar radiation would be superimposed upon 
urban enhancement factors (heat and aerosol outputs). This would create a 
most favorable condition for the development and intensification of 
convective clouds, the major summer source of rainfall. 
Results: Rain Periods. During the summer 1972 operational season 
there were 72 rain periods in the network. For each of these, the rainfall 
patterns were prepared and calculations were made of the network mean rainfall 
amounts, the average point rainfall duration, and total duration of systems 
on the network. In addition, the synoptic weather condition with each was 
defined. As an initial pass at classifying potential urban effects, each 
rain period was defined as having apparent urban effects or no urban effects 
based on the position of the maximum rainfall area in relation to the 
general storm motion for the period. That is, if the maximum rainfall area 
for a rain period was 20 miles northeast of St. Louis and the rain system 
or cells in that rain event moved from NW to SE, this rain period would not 
be considered to represent a potential urban-effect. By this definition, 
30 of the 72 periods (41%) were classed as exhibiting potential urban 
enhancement in their rainfall patterns. 
Table 2. Number of summer 1972 rain periods that reflect potential 
urban (effect) enhancement and no effect sorted by 
synoptic weather types. 
Results: Rain Cells. One of the most useful means employed for 
studying the summer precipitation so as to define the reality of the anomaly 
and its causes involves an extremely exhaustive analysis to investigate the 
Figure 4. Isohyetal pattern, inches, for a rain cell on 11 August 1972 based 
on computer-derived delineation of cell 
Figure 5. Sample of some of the computer-demand tabular data for one 
raincell on 11 August 1972 describing various characteristics 
(totals and for each 5-minute period) 
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individual rain cells. Each convective rain entity, as defined in a very 
elaborate and objective way, (Schickedanz, 1972), is mapped using the 
5-minute rainfall amounts to derive a "rain cell" and its characteristics. 
Much of this extensive effort is now performed using computer techniques 
developed in 1972. A computer-derived isohyetal map for 1 rain cell and 
the associated printout of values of this same cell are shown in Figs. 4 
and 5. The raingage network is sufficiently large to allow such analyses 
of many cells for their durations. The circular network, in either a single 
or multi-cell rain period, and for any direction of cell or system motion, 
adequate sampling of cells crossing the urban area and those not effected 
by the urban-industrial centers, the control data. The cells have been 
defined as "urban effected" using several different methods (Schickedanz, 
1972), and then their characteristics are compared with those of unaffected 
cells. 
Much information has been gleaned from studies of the 1971-72 rain cells. 
For each cell their point of initiation, their movement, place and degree 
of maximization, duration, size, and total rain production are calculated. 
A comparison of rain cell values for 1971-72 classified according to whether 
they developed or passed 1) over St. Louis, 2) over the Alton-Wood River 
industrial complex (see Fig. 2), or 3) elsewhere (control cells) appears 
in Table 3. The values for the 2 "effect" classes (St. Louis and Alton-Wood 
River) have been compared with those of the control or "no-effect" cells. 
One notes that the effect cell values exceed the control cell values for all 
categories. 
The major results and conclusions from this table and the extensive 
rain cell analyses that have been completed are as follows: 
1) For rain cells which occurred in the urban-industrial 
region of St. Louis the rainfall volume was 131% greater 
than for cells in the control (non-effect) sample. The 
increase in average areal extent and duration was 90 and 
24%, respectively. With the exception of rainfall volume, 
the parameter with the next greatest percent difference 
was areal extent. It was found that the areal extent was 
the largest while the cells were in the city, less after 
the cells had been in the city, and least prior to the 
time of the cell reaching the city. 
2) For rain cells which occurred in the industrial region of 
Alton-Wood River, the rainfall volume was 225% greater than 
for cells in the control sample (non-effect) sample. The 
increases in average areal extent and duration were 61 and 
15%, respectively. With the exception of rainfall volume, 
the parameter with the next greatest percentage increase 
was maximum rain/5-minute. It was found that the average rainfall 
was the greatest while the. cells were in the Alton-Wood River 
region, less after the cell had been in the region, and the 
least prior to the time of the cell reaching the region. 
3) The observed characteristics of the cell parameters in 
the St. Louis and Alton-Wood River regions (Table 3) imply 
that different physical processes were involved in altering 
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Table 3. Comparison of rain cell characteristics, 1971-72. 
Areas where cells developed and/or passed 
* Cells that did not develop or occur over either of the urban-industrial 
complexes. 
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the precipitation. In the Alton-Wood River region the 
primary effect was on areal intensity of cell rainfall, and 
in St. Louis the primary effect was on areal size of the 
rain cell. 
4) An investigation of the preferred initiation areas revealed 
that the most frequent initiation area was approximately 6 
miles SE of the large industrial area of St. Louis. The 
initiation area is also located approximately 10-11 miles 
east of the foothills of the Ozark and lies in the vicinity 
of the bluffs on the east side of the Mississippi River. 
There is evidence that all three factors (industries, hills , 
and bluffs) have contributed to the initiation maxima. Other 
prominent rain cell initiation areas were located just north 
of St. Louis and in the Alton-Wood River area. 
5) Overall, there is very strong evidence from the 1971-72 
data that the cell parameters have been altered by the 
urban-industrial environment. In some of the analyses , 
the difference between effect and non-effect rain cell 
parameters are so great, and the sample sizes are so large 
as to leave little doubt to the reality of the differences. 
However, in some of the analyses, additional data must be 
collected before confidence can be placed in the results. 
Results: Weekday vs. Weekend Rainfall. One of the many rainfall 
analyses performed to help investigate the reality of precipitation anomaly 
concerns the study of rainfall frequencies and amounts on different days 
of the week. The climatological studies of summer rainfall in the St. Louis 
area (Huff and Changnon, 1972) have shown a greater frequency of rainfall 
on the weekdays (Monday thru Friday) than on weekend days (Saturday and 
Sunday). These differences cannot be explained by natural causes and 
presumably relate to human activities in the area that might be affecting 
the precipitation processes. This is also a very powerful way to indirectly 
assess some of the potential causes for precipitation changes in the 
urban-industrial area. 
The rain-day frequencies during the first summer of Metromex (1971) 
did show that rains occurred more often on weekdays than on weekends 
(Changnon, 1972a), and thus supported the earlier climatological findings. 
The results on rain-day frequencies obtained for 1972 are presented in 
Table 4. The number of weekend and weekdays is shown and their expected 
frequency if normally distributed. The totals show measurable rain 
occurring somewhere in the network on 14 weekend days and on 36 weekdays , 
and reveal the proportions expected based on a natural distribution. Thus, 
there is no apparent weekday-weekend difference in the 1972 rain-day 
frequencies. However, the amount of rainfall occurring on weekdays represented 
81% of the total, much more than expected from a natural distribution. 
Hence a weekday, or local urban-industrial effect was present in 1972. 
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Table 4. Weekend and weekday differences in network 
rainfall in summer 1972. 
Results: Radar Echoes. One of the basic means of studying the 
precipitation in the St. Louis area, and a means that offers data allowing 
some direct understanding of changes in precipitation process , is the use 
of a weather radar. This 1-year grant supported the summer operations of 
a FPS-18, 10-cm wavelength radar system operated at the Pere Marquette 
Operational Site for the Water Survey program (see Fig. 2). 
Unfortunately, the antenna, which is on loan from NCAR, involved with 
this system does not have any antenna tilt capabilities, and hence a fixed, 
single-level PPI presentation is all that was available. Nevertheless, the 
radar echo data generated by this system are being used in studies of echo 
development and motions, and in an investigation of radar-rainfall 
relationships within the network area. Thus, most of the applications of 
the radar data generated have a general climatological nature; therefore, 
data from a very large number of echoes must be obtained and analyzed. This 
is an extremely difficult and time-consuming task using manual analysis 
(hand tracing and tabulation of thousands of individual echoes existing with-
in radar range during any 92-day operational period). Recognizing this 
difficulty, digitized radar data and the processing and computer analysis 
thereof became major goals within this project during 1972. A signal 
integrating device, developed under previous research contracts by Survey 
engineers, was mated to the radar system and to a tape device, and the 
entire recording system was brought into a successful operational mode in 
August 1972. Means for accomplishing computer processing and subsequent 
analysis of the large volume of data generated in August was the next major 
hurdle. Considerable effort has been extended to develop the programs 
utilizing data from this radar, as well as a TPS-10 3-cm RHI radar (operation 
at St. Louis supported by the AEC). Early results include digital, 
computer-drawn horizontal and vertical echo presentations. Examples of 
these forms of computer-derived echo presentations with range correction 
are shown in Figs. 6 and 7. Figure 6 shows, among other things, the 
evolution of a series of echoes developing in the central city during the 
Possible days in 1972 
Percent of total 
Number of network rain days 
June 
July 
August 
Total 
Percent of total (50) rain days 
Percent of total summer rainfall 
Weekend Days 
26 
28.3 
3 
6 
_5_ 
14 
28 
19 
Weekdays 
66 
71.7 
12 
12 
_12_ 
36 
72 
81 
Figure 6. Series of computer-drawn PPI echoes for 11 August 1972 
Figure 7. A computer-drawn RHI echo cross-section on 11 August 1972, 
taken along A-A1 axis in figure 6 
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afternoon of 11 August 1972. The significance of this particular data 
is that the raingage network, as dense as it is, did not detect these urban 
rain echoes until they had merged with the major (rain cell) echo located 
east of the urban area. This sequence of 1) echo formation over the 
urban-industrial area, 2) subsequent merger of the cells 5 to 10 miles east, 
and 3) formation of a large echo mass has been noted on 3 heavy rain days 
in August 1972. 
Figure 7 is a vertical section at one instant through the echoes 
existing at 1800 CDT on 11 August, and the axis of this vertical plane is 
depicted by line A-A1 on Fig. 6. This shows how the sophisticated programming 
of the radar can be used to develop unusual, discrete cross-sections from 
any 2 points. In this case note the shear of the major rain echo to the 
right, or east. The progress in developing a system of computer handling 
and programming for the radar accomplished during this year has set the 
stage for many extensive radar echo studies using data for 1972 and that from 
future summer seasons. 
Severe Weather Research 
The studies to discern anomalies in the patterns, intensities, and 
frequencies of severe weather is a second phase of the research in goal 1. 
The specific kind of severe weather being investigated include: thunderstorm 
frequencies and durations, hailstorm frequencies and intensities, and severe 
local rainstorm frequencies and intensities. Historical studies (Huff and 
Changnon, 1972) have indicated that each of these three conditions were 
being altered in the St. Louis area, apparently by urban effects, but it 
was deemed both essential and scientifically valuable a) to establish the 
reality of these anomalies more firmly, b) to define better their locations, 
and c) to initiate investigations of their possible causes through study of 
their time-space occurrences. 
Activities. The major operational-data collection activities 
relating to the study of heavy rainfall amounts were covered in the prior 
section describing the raingage network. The monitoring of thunderstorm 
frequencies involved operations were much like those in 1971. Days with 
thunderstorm data were obtained from four manned weather stations in the 
research circle and from three audio-thunder detector (recording) instruments 
that were designed, developed and built by the Water Survey for this project. 
These three detectors were operational from late May through the end of 
August 1972. The hail-related operations also were much the same as they 
were in 1971, although the enlargement of the raingage network with 21 
"downwind" raingages did increase the hail research study area to 246 sites 
in 3800 square miles. Each site consisted of a 1-ft2 hailpad, and each 
raingage was modified so as to record the time of hail as the stones fell 
within the weighing bucket raingage. 
The reduction of the thunder and hail data initially involved transmission 
of the data from the field site to the analytical headquarters in Champaign-
Urbana. Basically, the thunder data from the three detector sites consists 
of a strip chart, which records the lightning occurrences at each site (and 
the initial distant lightning discharge initiates the actual thunder recording 
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devices), as well as the 8-track tapes. The audio records for each of the 
four microphones at each site are digitized for thunderstorm periods 
undergoing case study analyses. Thus, the direction of arrival of thunder 
can be obtained through computer analyses. An example of this analysis 
referencing the direction of thunder arriving from a heading of 55° at the 
St. Louis University thunder detector is shown in Fig. 8. The direction in 
this case identifies which cell was a thunderstorm and even the fact that 
the lightning discharge occurred at the forward (right) edge of the storm. 
Basically the recorded information has been used to define the duration of 
the actual thunderstorm period at each site, and the time of beginning and 
ending. Directional analysis have been used only in the more interesting 
case studies to identify which cells were actual thunderstorms. 
The hail data, in the form of aluminum foil hailpads which are removed 
each week or oftener, were analyzed to count the number of stones for 
various size intervals and to calculate the energy impoarted by each hailfall. 
The hail spike (time) information obtained from the recording raingage trace 
were used to identify the date and time of hail occurrence. Although the 
routine analyses are not as extensive as those for the raingage data, it is 
still a time consuming task for both sets of data. 
In our laboratory investigations related to atmospheric scavenging of 
aerosols, it has been determined that electric charge on the raindrops can 
increase the removal of aerosol by several orders of magnitude. This removal 
depends simultaneously on the charge and the size of the raindrops. A 
device was developed and incorporated with our raindrop-size spectrometer to 
give both the charge, as well as size, of individual raindrops. 
Raindrop charge is determined by measuring the electric current which 
flows from the raindrop size spectrometer impact head after each drop strikes 
it. , An amplified signal proportional to drop charge is recorded on the 
same magnetic tape used to record drop size. Computer analysis then gives 
the charge and size of each raindrop. 
Two instruments were used in the field operations during the summer 
of 1972. Results show that while the individual raindrops are highly 
charged, the net electric current reaching the ground is near zero. 
Results: Thunder. All that is accurately known about thunder at 
the 4 observer sites at St. Louis is yes or no per calendar day, although 
hourly observations indicate those hours when thunder was heard. The thunder 
data from the detector sites are more detailed indicating accurately the 
times and frequency of lightning and thunder. These detector data were used 
to define 'thunder periods' which were considered to be discrete periods 
with at least 2 peals heard per 15 minutes and separated from other thunder 
periods by 1 hour or longer periods of no thunder. The number of thunder 
periods during June-August 1972 included 17 upwind of St. Louis, 19 at 
St. Louis University (in the city), and at Edwardsville (located 10 miles 
'downstorm' from St. Louis area) had 26 thunder periods, a 50% increase 
over the upwind value. 
Figure 8. Direction to thunder recorded at St. Louis University site, 
and radar echoes existing at 1730 CDT on 26 July 1972 
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The number of thunder days per month in 1971 and 1972 at the detectors 
and at the observer stations are shown in Fig. 9. July 1971 is 'split' to 
separate the period with detector data from that period in June and early 
July without detector data. In 5 of the 6 months the highest values came 
at 1 of the 3 possible downstorm locations, and in the other case it occurred 
at St. Louis and not at the 3 locations west of St. Louis. An unmistakable 
city and downwind increase in thunder appears to have occurred in every 
month sampled. The 1972 thunder-day total at Edwardsville was 22 days 
representing a 38% increase over the values of 16 days west of St. Louis. 
The thunder occurrences at each point could be and were classified 
as to their occurrence with each of the 61 synoptically-defined rain periods 
that passed through or developed within the network. There were 72 rain 
periods in 1972 and 37 had thunderstorms. The regional distribution of 
thunderstorms for each period was classified as being "east only", "west 
only", widely scattered (at 2 or more locales and not the 2 previous 
definitions), or widespread (at all 7 sites). The resulting frequencies 
for the summers of 1971 and 1972 appear in Table 5. Differences in the 
east-only and west-only frequencies allow estimation of the magnitude of 
the urban effects on thunderstorm frequencies per storm system. The 2-year 
west-only frequency (11 periods) is considered indicative of the likelihood 
of isolated regional activity due to natural causes. The east only - west 
only difference, of 9 rain periods with thunderstorms, suggests that the 
urban-industrial effects led to the development of thunderstorms in 9 rain 
systems in a 2-year period. 
Table 5. Rain periods with thunder classified as to 
placement of thunder in the study area. 
(1)PMQ and/or Tyson (2)EDW and/or SAFB 
The thunder d e t e c t o r da ta for 1971-72 were used in var ious temporal 
analyses of thunder . The number of hours with thunder in each 3-hour pe r iod 
were summed and used to cons t ruc t Fig . 10. There is l i t t l e d i f f e rence 
Number for each type of thunder pattern within the network 
Figure 9. Monthly patterns of thunder days in 1971 and 1972 
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between the diurnal distributions at Tyson Valley (upwind) and St. Louis 
University (city). Furthermore, the Edwardsville (downwind) frequencies 
for the period from 1500 to 0300 CDT are much like those of the other 
statiosn. The increase in thunder frequency at the downwind Edwardsville 
site, exists from 0300 to 1500 CDT with a maximum difference from 0600 to 
1200 CDT. This closely supports findings of earlier climatic findings 
(Changnon, 1969) which showed urban effects on thunderstorm frequencies 
were most pronounced in the late nocturnal, morning, and early afternoon 
hours. The median duration of thunder periods at the downwind site showed 
a tendency for the thunder to persist 5 to 10 minutes longer there (Table 
6) than over the city or upwind of it. Thus, the many more clock hours 
with thunder (Fig. 10) downwind of St. Louis are a function of both longer 
thunder durations and more thunder periods, but mostly due to the greater 
frequency of thunder periods (Table 6). 
Table 6. Average and median durations of thunder periods at 
thunder detectors, 1971-72. 
TYV SLU EDW 
Number of thunder periods 27 29 44 
Average, minutes 137 176 184 
Median, minutes 131 125 136 
The 1971-72 studies of thunderstorms in the St. Louis circular study 
area have shown a downcity increase in the number of thunderstorm days, 
number of discrete thunder periods, and durations of thunder periods. The 
summer increase was 3 to 4 added thunder days (+30%), 4 to 5 (+13%) discrete 
rain periods (+13%), and 8 to 9 more discrete thunder periods (+50%). The 
duration of the thunder periods was 5 to 10 minutes longer (+7%) at the 
downcity site. The increase in thunder occurrences occurred primarily 
between 0300 CDT and 1500 CDT with a maximum increase between 0600 and 1200. 
Many of the 1971-72 results agreed closely with those determined from 
earlier climatic studies using scantier data (Changnon, 1972b). The 
results for 1971-72 also revealed a need for additional thunder data in 
the future to define the areal extent of the downcity maximum. 
Results; Hail. To study hailstorms, each hailfall per day was 
plotted on a rain period base map, and by temporal analyses, involving 
also radar and rainfall data, "hailstreaks" were determined. A hailstreak 
is an area of continuous hail having space-time continuity and representing 
at the surface an entity of hail produced in a storm (Changnon, 1970). For 
each hailstreak, its area and duration were determined along with average 
point values of number of hailstones (by sizes), duration, and energy, and 
associated rainfall (the rain entity associated with the hail). 
THREE-HOUR PERIODS, CDT 
Figure 10. Number of hours with thunder at Metromex sites, 1971-72 
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The basic hail data from the 1971-72 period reveal there were 26 
summer days with hail, 10 in 1971 and 16 in 1972. On 9 days hail fell 
only from potential urban-effected rain cells, in or downstorm (east) of 
the city, and on 5 days hail fell only from no-effect cells and this 
number can be considered as the background frequency due to natural causes. 
The difference in these two categories (9-5) indicates a 4-day or 80% 
increase in hail days due to urban effects. 
On the other 12 days, hail fell from both urban effected and no-effect 
cells. Comparison of these "both type" days also suggests the occurrence 
of hail enhancement related to urban factors. On these "both type" days, 
there were 59 effect hailstreaks (an average of 5 per day), as compared to 
only 39 no-effect streaks (an average of 3), suggesting 67% enhancement of 
hail entities in certain effect cells during conditions when hail production 
was widespread and partly occurring through natural atmospheric causes. 
The number of hailfalls at each of the 225 points during 1971-72 was 
plotted, and an iso-frequency pattern developed (Fig. 11). This shows 3 
distinct highs: one downwind of the two urban-industrial areas, the major 
hail high and where rain (Fig. 3) was greatest; one just SE of St. Louis; 
and one in the 2-river flood plain NW of St. Louis. Large areas west of 
St. Louis had no hail. The long-term point average for St. Louis is 0.4 
days per summer (2 in 5 years). This 2-year pattern definitely suggests 
localized urban enhancement of hailfalls. The 2-year frequency pattern is 
also markedly similar to the crop-hail insurance loss pattern for the 
1918-67 period (Changnon, 1972c) which has its maximum losses where the 
5-day value appears on Fig. 11. 
For a hailstreak to be classed in the urban-effect category, it had 
to be produced from a rain cell after the cell either developed or passed 
over the St. Louis or the Alton-Wood River urban-industrial areas (Fig. 2). 
This definition, coupled with the directions of rain cell motions sampled 
in 1971-72, revealed that all "effect" hailstreaks occurred downstorm 
(NE, E, or SE) of these two areas, and did not fall within half of the 
circular area. Furthermore, on any given hail day, rain cell motions remained 
generally uniform (±20°), and the effect hailstreaks always occurred in less 
than 30% of the study area, resulting in a sampling bias in favor of 
no-effect rain cells and their hailstreaks. Even with this 3:1 areal 
sampling bias, the number of effect hailstreaks exceeded the no-effect 
number, 73 to 52 (40% more), as shown in Table 7. If the sampling area 
differences are considered, the difference could be as much as 4:1 (73: ). 
The average duration of urban effect hailstreaks was 15.1 minutes 
(Table 7), 20% greater than that of the no-effect hailstreaks, and the size 
difference was comparable, 0.8 mi2 larger. The single greatest difference 
between effect and no-effect hailstreaks (Table 7) was in their energy 
,(stone size and ice volume plus wind) values, with the median energy of 
effect hailstreaks being six times greater than that of no-effect streaks. 
This sizeable difference is reflected in the average point frequencies of 
the hailstones. However, the average point hailfall durations were/identical, 
3.6 minutes, and the average point rainfall amounts occurring with the 
hailfalls were not too different. 
Figure 11. Point frequencies of hail in 1971-72 
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Table 7. Comparison of hailstreaks and hailfalls in Metromex 
study area during summers of 1971 and 1972. 
To be classed as effect, the hail had to be produced from a rain cell 
that developed or passed over St. Louis or the Alton-Wood River 
urban-industrial areas. 
In summary, the values in Table 7 show that urban-industrial effects 
probably led to the production of 40% more hail entities in storms than could 
be expected to occur naturally, and the potential urban effect hail volumes 
are greater (last longer and are bigger), and yield many more hailstones and 
thus greater impact energy (damage potential), and more rainfall. 
The times of occurrence of the 73 urban effect hailstreaks and the 
52 no-effect hailstreaks were sorted and counted according to clock hours. 
Both achieved maximums in the 1500-1800 CDT period with secondary maximums 
in the 2100-2400 CDT period. In all 3-hour periods except these two, the 
frequencies of the two classes did not differ markedly. However, during 
the two peak 3-hour periods, there were notably more occurrences of hailstreaks 
classed as potentially urban effected. For instance, in the 1500-1800 CDT 
period, the urban-effect streaks resulted in 28 hourly occurrences, as 
compared to only 12 hours with occurrences of no-effect streaks. 
The study of hail days, hailfalls and hailstreaks in 1971-72 
definitely indicated urban enhancement of the number of hail days (+80%), 
number (and area) of hailstreaks (+20%), and in the intensity of hail 
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(stone sizes = +250% and energy = +600%). This occurred primarily in 
the maximum hail incidence periods, 1500 to 1800 CDT and 2100 to 2400 CDT 
when urban effect hail was ≥200% more than experienced in the natural 
distribution. The typical urban-related hailstreak was larger, longer-lived, 
produced (per unit area) more hailstones, a greater impact energy, and was 
associated with heavier rainfall than were the hailstreaks which were not 
related to urban-effected rain cells. In general, the hail results for 
1971-72 were in good agreement with those found in previous climatic studies 
(Huff and Changnon, 1972). 
Results: Heavy Rain. The third form of severe weather under study 
concerns heavy, short duration rainstorms. The climatic analysis (Huff and 
Changnon, 1972) for St. Louis indicated a downwind increase in the number 
of days of two inches or more rainfall. Although the increase in heavy 
rains can be studied by many definitions , only those results relating to 
the frequency of 2-inch rainfalls have been chosen for summary herein. The 
previous annual report (Changnon, 1972a) indicated an increase in 2-inch 
rainfall occurrences downwind of St. Louis in 1971 and also that when they 
occurred, the rainfall amount was greater, lasted longer, and covered a 
greater area than did the 2-inch or greater amounts west of the city. 
Storms that produced 2-inch or more amounts occurred in 6 rain periods in 
the summer of 1972. Thus, in the two summers of 1971-72, a total of 12 
rain periods produced a 2-inch or greater amount at one or more raingages 
in the network. Figure 12 depicts the number of times that each of the 
network raingages experienced a 2-inch amount or more in the two summers. 
Several areas downwind of the city have experienced such amounts, but only 
3 gages upwind of the city exhibit that frequency. Areas downwind of 
St. Louis and the Alton-Wood River industrial area had 29 point rainfalls 
≥ 2-inches as compared to 3 points upwind of the city during 1971-72. 
Table 8 provides a comparison of rainfalls in no-effect and effect cells 
when ≥ 2-inch amounts occurred. The 2-inch or greater rain areas in effect 
cells had a higher average rainfall, covered much more area, but occurred 
in less time, on the average, than did areas from no-effect rain cells. 
Table 8. Comparison of rainfall characteristics for 
areas of 2-inch or greater rainfall. 
E-NE 
No-effect Effect NE 
rain cells rain cells difference, % 
Number of rain periods 2 10 +400 
Average point rainfall, inches 2.24 2.42 +9 
Average areal extent, mi2 13 28 +116 
Average duration, hours 6.1 3.5 -43 
Figure 12. Number of occurrences of >2-inch rain amount in summers 1971-72 
produced by 12 rain periods 
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GOAL 2 - ACTIVITIES AND RESULTS 
Activities 
The second specific goal of the Water Survey Metromex program concerns 
the definition of the surface patterns of temperature, moisture, and winds. 
The essential reasons for this program are a) to provide general climatic 
descriptions of the magnitude of the heat island, the moisture anomaly (if 
present), and the surface wind flow through the region; and b) to utilize 
these data in detailed meso-scale synoptic weather scale analyses to 
satisfy goal 6. These data also have general utility to other programs 
in Metromex and in general understanding of the magnitude of urban effects 
on these weather parameters as they relate to urban planning (Goal 11). 
The activities in this area were greatly expanded under this grant 
during the past year. In 1971 all available Water Survey instrumentation 
was used to measure and record surface temperatures and humidities, 
resulting in the installation of weather stations at seven sites. However, 
project and State funds were utilized in the spring of 1972 to purchase 10 
additional hygrothermographs and weather shelters and another 8 instruments 
and shelters were obtained from other agencies. Thus, for the summer of 
1972, there were 25 stations installed and operating to provide the detailed 
regional measurements of the time-space variations in humidity, dewpoint, 
and dry bulb temperatures. Their distribution appears in Fig. 2. 
The Survey's six wind recording instruments installed and operated in 
1971 were sustained and operated in 1972, such that the surface weather 
network existing during the summer of 1972 is depicted in Fig. 2. 
The analysis of these data involved the transmission of the recording 
charts to Champaign-Urbana where the hourly values of each site were 
tabulated. 
Results 
Examples of the climatic-type analysis of the August 197.2 temperature 
records appear in Fig. 13. These are the average temperature patterns in 
the research circle for 0600 CDT (time of minimum temperature) and for 
1500 CDT (time of maximum temperature) in August 1972. They both reveal 
the existence of the urban heat island although at .1500 CDT some of the 
stations in the river bottomlands have temperatures as high or higher than 
those in the area of the city. Figure 14 depicts the wind roses from the 
six wind recording stations for the month of August 1972. Considerable 
variation exists between these wind roses reflecting local area effects and 
the general regional variations in monthly winds. The various temperature, 
humidity, and wind data have been employed in several detailed studies of 
the mesosynoptic weather conditions. 
Figure 13. Average temperature (°F) patterns for two times in August 1972 
Figure 14. Wind roses for Survey instruments for August 1972 
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GOAL 3 - ACTIVITIES AND RESULTS 
This goal activity area concerns the study of airflow and turbulence 
over the city and was a new activity to the previous program under this 
grant. The activity was supported, in part, by this grant and in part by 
a Survey contract with AEC. 
The 1972 wind-flow program in Metromex had two objectives: 
1. To determine the evolution of the airflow and thermodynamic 
structure as cloud systems developed and moved through the 
metropolitan and adjoining areas and provide trajectory 
information for the analysis of tracer experiments. 
2. To determine the streamlines and trajectories in non-rain 
situations for use in defining the urban "plume". 
Activities 
The 1972 field experiments occurred between 12 July and 11 August and 
involved the measurements of mean winds in the lowest 2 km using simultaneous 
pilot balloon observations from 7 to 9 locations, and of the vertical 
distribution of temperature and humidity to about 500 mb from three locations. 
The wind measurements were obtained using double theodolite tracking of 
pilot-balloons, and the temperature and humidity measurements were made 
using standard radiosonde units, and receivers. The Air Weather Service 
of the U. S. Air Force assigned a unit of 26 men, including supervisory 
personnel, from the 6th Weather Squadron (Mobile) to carry out the pilot balloon 
and radiosonde observations. It also provided the standard equipment for 
both types of measurements, plus the vehicles necessary to transport personnel 
and equipment to observations sites. The operations were based at Scott Air 
Force Base, Illinois, about 20 miles ESE of downtown St. Louis. (Fig. 15). 
During each operational period the observers were deployed to about 
10 of 16 possible sites (Fig. 15) scattered in and around St. Louis depending 
on the weather and objective to be served. Three of these were permanent 
locations from which radiosonde balloons were released and tracked. 
At the end of each pibal operation all the verbal records of 
measurements were collected and transcribed, and those from two balloon 
releases were mailed to the Urbana office for immediate keypunching and 
computation of winds and return. Although turnaround was two to three days, 
this did permit a satisfactory measure of quality control. 
The radiosonde sites were permanently located to provide approximately 
east-west cross-section across the city (Fig. 15). Since primary interest 
was in the lower atmosphere, over-inflated 100-gm balloons were used. These 
resulted in bursting heights of about 500 mb, which was adequate for most 
of the objectives. During operations designed for convective shower studies, 
one sounding a day was taken to the tropopause. 
Figure 15. Location of sites from which pi lot balloon and radiosonde 
releases were made in 1972 
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The reduction of radiosonde measurements was standard. Field 
reduction of the data was made immediately using the standard synoptic 
criteria, which was adequate for monitoring data quality. When used in 
analysis, these data were checked for errors and sometimes recomputed for 
more detail of the vertical structure in the boundary layer. 
Results 
Seventeen operational periods, each ranging from 3 to 4 hours length, 
were completed during 1972. Analysis of several of these operations are 
currently in progress. Some of the features of the nocturnal circulation 
and the urban plume studies have been presented elsewhere (Ackerman, 1972). 
The 9 nocturnal circulation and urban plume operations were carried 
out during fair weather, usually following a cool polar outbreak. The winds 
were generally light and the boundary layer capped with a subsidence, 
inversion. Preliminary results from these studies indicate that the airflow 
can be significantly perturbed over the urban complex in the lower part of 
the boundary layer and that this perturbation may extend through much of the 
boundary layer if the convection is intense. 
Figure 16 portrays the mean wind fields over the metropolitan area 
at two levels on August 10, 1972, an operational day designed to define 
the urban "plume". The boundary layer convection was quite intense on this 
day with convective plumes or bubbles frequently reaching the inversion 
(1200 m) and maximum updraft velocities as large as 4 m sec-l. The 
streamlines tend to take on anticyclonic curvature upwind of the city and 
cyclonic downwind, the curvature decreasing with height. The flow patterns 
shown here resulted in net convergence over most of the urban complex of 
the order of 10-4 at 150 m and 3 × 10-5 at 400 m AGL (550 m MSL) in the 
presence of divergence of about 2 to 3 × 10-5 at these levels over the upwind 
rural areas. 
The results from the analysis of two fair weather days in 1972 suggest 
the following: 
1. The wind speed can vary by 20 to 30% and the direction by 
20 to 25 degrees over the metropolitan area, and these 
variations may differ through the boundary layer. 
2. The wind speed tends to vary little in the vertical 
through the mixed layer. The directional shear in the 
boundary layer, also relatively small, is greater downwind 
from the city than upwind. The formation of an internal 
boundary layer is indicated by the development of a layer 
of veering winds in the lowest 100 to 200 m over the city, 
in the presence of backing winds in that layer over upwind 
rural locations. 
Figure 16. Average wind field over the St. Louis area from 1520 to 
1730 CDT on 10 August 1972 
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3. The height of a subsidence inversion may vary over the 
area - but it may not necessarily be greater over the city. 
Synoptic influences seem to dominate, although strong low 
level convection can modify the inversion layer locally. 
4. Significant changes in wind direction and speed occur over 
short periods of time throughout the boundary layer. These 
perturbations may be due to local convection and/or by 
shearing gravity waves along a surface of discontinuity. 
They could be induced locally or by a larger meso-scale 
phenomenon. 
The deformation of the flow is such that the air in the lower 1000 ft 
tends to converge over the city. This and the enhanced turbulence indicate 
upward motion and vertical transport of effluents - heat, moisture, gaseous 
and solid pollutants. 
GOAL 6 - ACTIVITIES AND RESULTS 
This activity area pursued as a part of this grant concerned the 
synoptic weather analyses of each rain period in as detailed a manner as 
was feasible with available weather maps, soundings, and radar classifications. 
This was further complemented by the initiation of extensive analyses of 
eight select days in 1971 and 1972 when interesting storm conditions 
developed in the St. Louis area period. The primary purpose of this 
atmospheric structure research is to provide the basis upon which the findings 
of all Water Survey findings from goals 1-4 can be interpreted. Thus, a 
definition of those weather conditions in which precipitation enhancement 
and severe weather development is produced by urban factors can be developed 
to better understand the causes for the alteration noted. The results, when 
completed and well-established, will also be useful in developing better 
forecasting of precipitation over the urban area and particularly those 
conditions under which urban initiation or enhancement of rainfall and other 
severe weather will occur (Goal 12, Fig. 1). 
Results 
Four basic summer weather types or classes have occurred with rain 
periods at St. Louis (Morgan and Beebe, 1972). These are: 1) air mass 
when no large-scale mechanism for triggering convection is discernable and 
convection is typically disorganized and/or weak; 2) squall lines or zones 
when the trigger mechanism exists (such as dry air and/or an organized 
mesosystem at the surface) and the convection is organized and frequently 
intense; 3) frontal zone when the convective or stratiform precipitation is 
occurring within 50 miles on either side of a frontal line and sometimes 
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this line is essentially only a convergence zone; and 4) pre-frontal when 
weak and disorganized convective activity and precipitation with thunderstorms 
existed in an area between 50 and 150 miles ahead of a surface front. 
The results of the analyses being employed on rain periods is shown 
in Table 2. Here a comparison is made of the four basic summer types of 
precipitation-producing conditionsand the 72 rain periods in 1972. Comparison 
of the effect and no-effect rain period frequencies reveals that the 
potential urban-effected rain events . (those with enhanced rainfall downwind 
of the St. Louis and Alton-Wood River urban-industrial areas, as based upon 
storm motion) occurred most frequently in rain periods related to air mass 
and squall situations. Ten of the 16 squall-related periods (62%) had 
increases and 40% of the air mass cases had increases. 
Another analysis consisted of computing the total rainfall from 
periods when the mixing depth exceeded 2000 m. This would be. indicative 
of conditions when surface effects had access to cloud base, and when urban 
effects, if real, would be most effective. The resulting rainfall map 
(Fig. 17) shows a distinct downwind maximum and reveals the reality of the 
relationship between urban factors and rainfall. 
Extensive case studies of interesting rain-period days on 26 July, 
3 August, 6 August, and 11 August are in progress. These dates were chosen 
for various reasons including the apparent local initiation and intensification 
of. precipitation cells, wide availability of air flow (pibal) and sounding 
data, and considerable aircraft data. These extensive studies are in 
progress but already are revealing the interaction of the various urban 
factors with" other local or graphic conditions as well as the meso-scale 
weather conditions. 
An integral part of the synoptic weather studies involved the analysis 
of those conditions existing when thunderstorm and hail activity prevailed 
in the network. Such analysis helps demonstrate the conditions/s during 
which urban-related enhancement of severe weather occurs. The synoptic 
analysis for thunderstorms and hailstorms was performed on the basis of their 
occurrence with the discrete summer rain periods, each with its distinguishable 
synoptic weather classification. 
The results of the thunderstorm analyses appear in Table 9. Comparison 
of the 1971 and 1972 values for the widespread or scattered class does not 
show great differences between years, indicating collection of a reasonably 
good sample for this class. However, the "west-only" and "east-only" values 
are less frequent and differ greatly between the two years, showing the need 
for more data. Comparison of 2-year totals for the West-side-only class 
(presumed to represent the natural distribution), with the east-side-only 
values (which should reflect potential urban effects) indicates: 1) the 
east-side increase is notable during air mass conditions (11 to 4) and in 
frontal zone conditions (7 to 2), and 2) there may be a thunderstorm decrease 
on the east-side in squall situations (2 to 4). Nearly 50% (11 of 23) of 
all air mass thunderstorm periods were cases with thunderstorms only on the 
east (EDW and/or SAFB), whereas 30% of the frontal zone cases (7 of 22) were 
east-side only cases. 
Figure 17. Summer 1972 rainfall pattern, inches, based on all rain periods 
with mixing depths ≥ 2000 m, and a percentage pattern based on this 
rainfall expressed as a percent of the total summer rainfall 
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Table 9. Areal distribution of thunderstorms during network rain 
periods in 1971-72 sorted by synoptic weather class. 
The type of synoptic weather existing during each rain period when 
hail occurred is shown in Table 10. Listed are the numbers of hail periods 
when hail occurred only in urban-effected rain cells and only in non-effected 
cells. The no-effect frequencies can be considered to represent the natural 
frequency without urban effects. Comparison of these frequencies allows 
some estimation of those weather types when urban effects on hail production 
are realized. The most startling difference is in the frequency for squall 
conditions. Some possible increases are found also in frontal zones and 
air mass types and a decrease in pre-frontal zones. However, the number of 
cases is small in all cases, indicating the results must be considered quite 
tentative and more data is needed. 
A comparison was made of mixing depths prior to the periods when hail 
occurred only in effect cells and those depths when hail occurred only in 
no-effect rain cells. The average depth was 1900 m on the effect days, as 
compared to only 900 m on the no-effect days. This suggests that there was 
a decided difference in the ability of surface heating and emissions to 
reach cloud base on effect cases of hail. 
Table 10. Synoptic weather types and hail conditions. 
Weather Type 
Squall 
Frontal Zone 
Pre-frontal Zone 
Air Mass 
Number 
of Hail 
Periods 
10 
7 
5 
4 
Number of 
Hail Periods 
with Stone 
Diameters ≥1" 
5 
2 
1 
2 
Number of Hail Periods 
Hail only in 
Urban Effect 
Rain Cells 
4 
3 
0 
2 
Hail only in 
No-Effect Cells 
0 
2 
2 
1 
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GOAL 7 - ACTIVITIES AND RESULTS 
A primary goal of this NSF-supported project is to evolve a 
quantitative delineation of the urban factors that produce the noted 
anomalies in precipitation and severe weather. This most demanding, 
complex, and difficult goal is not answered after the first two years of 
the program. The causes are best understood through combining of the 
results from the other Survey programs and those from projects of other 
institutions (Changnon, et al., 1972). However, certain results from this 
project are indicative, or suggestive, of certain causes. 
Certain results from the rain cell studies are indicative of certain 
factors. The major difference in effect and control rain cells is found 
when the effect cells are defined as those that travel or initiate directly 
above St. Louis or above the Alton-Wood River industrial area (as opposed 
to a definition of effected rain cells using a broader wind plume definition). 
This suggests that precipitation and severe weather enhancement are rather 
directly related to factors concentrated or extending vertically above the 
urban-industrial areas. This does not necessarily identify or quantify 
any one of the possible causes, but it does indicate that causes are very 
local and closely related in space to the urban-industrial complex. 
Another of the primary results has been the identification that the 
Alton-Wood River urban-industrial area north of St. Louis also acts to 
enhance precipitation. The rain cell study also indicates that rain cells 
over that complex were influenced differently than those over the St. Louis 
urban-industrial area. Basically, those cells over the Alton-Wood River 
area were found to result in more intense, heavy rainfall amounts (relative 
to control cell sample), whereas rain cells over the St. Louis urban-industrial 
area are enhanced with a general increase in storm area size and duration. 
These differences suggest two different possible causes, or a combination of 
factors, may be present at these two locales. 
The rainfall maximum obtained in both summers, which is located 10 
to 20 miles northeast of St. Louis and 10 to 15 miles southeast of the 
Alton-Wood River area is believed to result from the coincidental motion of 
storms affected by both areas. That is, for the storm cells moving from 
the southwest and west-southwest, intensification occurs in this area and 
when storms move from the other primary directions (west-northwest and 
northwest) and across the Alton area, they are intensified in this ame area. 
Hence the greatest area of increased rainfall occurs in this particular 
area. 
The results from the synoptic weather analyses and on mixing depth-rainfall 
relationships helped prove that the 1971-72 anomalies occur in conditions when 
the convective storms are ingesting air that has originated at the surface and 
has been able to move to cloud base. The mixing depth figure, although not 
definitive of any specific cause, is considered quite significant in identifying 
the fact that increased downwind rainfall occurs only when deep mixing exists 
from the surface to cloud base. 
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The airflow analyses have shown that on non-rain days the urban 
complex has distinctive affects on the low-level airflow regime and 
turbulence. Results for convective periods are not yet available. However, 
the weekend-weekday differences in rainfall frequency (1971) and in rainfall 
amounts (1971 and 1972) tend to suggest that mechanical effects (which would 
not change on a daily basis) are not a major factor in the noted precipitation 
alteration. 
The increase in precipitation intensity identified with rain cells 
over the Alton-Wood River industrial complex tends to support the importance 
of industrial effluents on precipitation. These may be aerosols, heat, or 
moisture with a guess that aerosols are the key factor. It is possible then 
that the increase related to St. Louis, which affects rain cells differently, 
may be more due to thermal factors than to aerosol explanation. This is 
further supported by the morning increase found in thunderstorms. 
Obviously, the basic approach being used in this project to establish 
the urban causes is deductive. Also the data sample is still too small to 
derive many definitive conclusions as yet. 
GOAL 8 - ACTIVITIES-REVIEW AND RECOMMENDATIONS 
A key goal of this project is analyze the data from the prior goals 
(1-7) to define better the needs for additional measurements of the type 
being made, or to discern other forms of essential measurements and analyses 
not being made. 
Such an investigation after the 1971 operations and initial analysis 
(Changnon, 1971a) led to the identification of needs for a) airflow 
measurements to define the urban plume and the movement of urban air into 
precipitation systems, and b) the need for a better weather radar antenna 
and pedestal for the prime project radar (FPS-18) to gather 3-dimensional 
measurements of precipitating storms. The first recommendation was met 
by the addition of the airflow effort to the Water Survey program in 1972, 
and the second will be met by support received in 1973 from the National 
Science Foundation to develop an antenna and drive system for the FPS-18 
radar. This system will be operational in 1974. 
Rainfall 
Inspection of the 1971-72 rainfall data and results available to date 
indicate that they are quite adequate 1) for the discernment of anomalies, 
and 2) for furnishing information essential to the effort (Goal 7) to define 
the cause/s of the precipitation increases. Hence, no analytical changes 
nor additional surface rainfall measurements are recommended. More 
information on the 3-dimensional aspects of precipitation development and 
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storm morphology is needed, and the signal digitization equipment and 
the radar computer programming developed in 1972-73 should now provide 
the measurements desired. This will be further improved in 1974 with 
the addition of the new antenna and drive system for the FPS-18 radar. 
Hail 
The dimensions of hailstreaks are not being adequately measured by 
the hail sensing network of one hail sensor per 8 to 9 square miles. However, 
an increase in sensors to adequately measure hailstreaks would require an 
additional 2000 hail sensors and this would be an effort in construction, 
installation, and servicing not worthy of the additional information to be 
obtained. Thus, hail data being collected is deemed adequate in accordance 
with reasonable physical and fiscal limitations. 
Thunder 
The measurements of thunderstorm incidence are less than satisfactory. 
The primary need, shown by the data for the first two years, is for more thunder 
recording east, or downwind, of the research circle (Fig. 2). The two 
easternmost sites, Edwardsville and Scott Air Force Base, have shown the 
maximum values for both summers, and information as to the areal extent of 
the increase further downwind is highly desirable. To this end, it is 
recommended that additional thunder observing sites be developed. Three 
additional thunder detectors are already under construction at the time 
of this report, and two more thunder observing sites manned by observers 
have been established east of the research circle. Another need as yet 
unsatisfied by prior analysis is the classification of the "intensity" of 
the thunderstorms. This will require analysis of the frequency of lightning 
discharges, or thunder peals, occurring at each detector site. The past 
data for 1971 and 1972 from the three thunder detector sites are currently 
undergoing such an investigation so that information on intensity as well as 
on thunderstorm frequency and duration can be derived. 
Airflow 
A major recommendation concerning "critical measurements" concerns 
goal 3, the airflow-turbulence measurements. A data gathering system that 
is continually available and. will provide data during all hours of each 
day is desirable. The Air Weather Service personnel and equipment used 
in 1971-72 have been valuable, but will always be an uncertain quantity. 
Systems capable of continuous monitoring of airflow and atmospheric structure 
are needed to gather data on as many rain events as possible. In this way 
specific rain entities (cells) can be identified as undergoing urban effects 
by ingestion of air that has originated in the urban-industrial area. 
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The general needs for atmospheric structure information also relate 
to better delineation of the temperature, moisture, and wind profiles 
parallel to storm motions. This could be met by either remote sensors 
located upwind, in the city, and downwind, or by more radiosondes operated 
on a more routine, and frequent, basis than have been possible with the 
facilities available to Metromex in 1971 and 1972. 
Analysis of Local Non-Urban Effects 
A general analytical recommendation that has evolved from the first 
two years of effort concerns further study of the effects of the local 
topography on rainfall. This largely includes study of the Ozark foothills 
immediately southwest of St. Louis and the large bottomland area north of 
St. Louis formed by the Missouri and Mississippi Rivers. Preliminary 
results from the rain cell studies suggest that both of these areas have 
some effect on the initiation and/or intensification of rain cells, all of 
which tends to complicate the discernment of urban effects. Hence, more 
measurements of these orographic effects are needed. 
Cloud Measurements 
The proper study of the effects of these areas on precipitation 
processes could be aided by routine cloud measurements throughout the area. 
There is a need to look at local cloud developments, beyond that which can 
be done with radar. Cloud photography from the surface, as currently 
employed, is often severely limited by intervening low clouds and an inability 
to photograph the entire area. A recommendation for future research would 
be to utilize the cloud data that will be available from the new Geo-stationary 
satellite, which will produce cloud photographs every 26 minutes and will be 
operational in 1974. 
St. Louis vs. Alton-Wood River Comparisons 
The interesting differences found between the rain cells developing 
and/or passing over St. Louis and those passing over the Alton-Wood River 
area suggest attention should be given to obtaining various comparative 
measurements of conditions in these two different areas. The differences 
in the rain cell modifications suggest two different effects are involved. 
Hence, case study efforts involving airflow measurements, aircraft sampling 
of clouds over each area, and remote probing (lidar and acoustic sounding) 
of the boundary layer are recommended to distinguish the different factors 
influencing precipitation in these two areas. 
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ACTIVITIES RELATING TO GOALS 9, 11, 12, AND 14-TRANSMISSION OF RESULTS 
These four goals all relate to the transmission of findings from the 
project activities devoted to measuring and understanding the urban effects 
on weather and rain to users of the information. These activities are 
equally important and without them, the results of the previous goals have 
little more than academic interest. These goals relate specifically to 
the transmission of the results to "external" users, those beyond the 
"internal" users in the Metromex program. If the urban alteration of 
precipitation and severe weather has significance on a local, state, or 
national scale, the transmission of findings to those who would be affected 
is a goal of great importance. Presumably, other atmospheric scientists, 
scientists of certain physical and social disciplines, engineers, planners, 
agriculturalists, and the general public can benefit directly or indirectly 
from the results emanating from this large project. 
At this stage of Metromex, the conclusion of the first 2 years of a, 
5-year program, many of the results and knowledge that will be of meaning 
to users have not yet been produced. Thus, the activities within the four 
goals of users and application have not been extensively initiated at this 
stage. A major activity, however, has concerned the identification of 
users and the initial communication with them as to the form and utility 
of the information they might desire. 
To accomplish this transmission of information, four forms of 
communication are employed, as shown in Fig. 1. The first method concerns 
the transmission to scientists and engineers within the Water Survey itself, 
major users of this information. This communication is classed as "internal", 
and comes about through personal discussions, staff meetings, and memorandum 
within organization. The second, third, and fourth forms of communication 
concern other specific users of the information including the business 
community, scientific community, and the public. The second form of 
communication is classified as "direct contact", wherein the information is 
transmitted by oral expression through telephone conversations or private 
conferences, or through the mail. The third form of communication used is 
the oral and written presentation of information, largely through talks to 
groups and presentation of papers at scientific meetings. This transmission 
form includes the publication of findings in the scientific journals as well 
as the more polular magazines. Finally, the fourth form of transmission 
is through the news media. This consists of a direct effort to get news 
stories about the program and its results in the newspaper, and talks on radio 
and television whenever possible. It is largely geared to getting the 
information to the lay public. 
The communication-related activities of the past year are partially 
revealed by listing a) the scientific publications of the past year relating 
to this grant, b) the various talks and their audiences, and c) some of the 
news stories that have appeared. These appear as Table 11. 
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Table 11. Summary of Illinois State Water Survey publications and 
talks concerning Metromex in 1972-73 Grant period. 
PUBLISHED PAPERS 
1. *Ackerman, B., 1972: Winds in the Ekman layer over St. Louis. Preprints 
Conf. on Urban Environments. AMS, Boston, 22-27. 
2. *Beebe, R. C., and G. M. Morgan, 1972: Synoptic analyses of summer 
rainfall periods exhibiting urban effects. Preprints Conf. on 
Urban Environments, AMS, Boston, 173-176. 
3. *Changnon, S. A., 1972: Urban effects on thunderstorm and hailstorm 
frequencies. Preprints Conf. on Urban Environment, AMS, Boston, 
177-184. 
4. Changnon, S. A., 1972: Can Weather Modification Usefully Augment the 
Water Resources of the Humid Midwestern United States? Proceedings 
International Symposium on Water Resources Planning. Int. Assoc. 
Hydrological Sciences, Mexico City, 32 pp. 
5. *Changnon, S. A., 1972: Inadvertent weather and precipitation 
modification by urbanization. Journal Irrigation S Drainage Div. , 
ASCE, 27-42. 
6. *Changnon, S. A., R. G. Semonin, and W. P. Lowry, 1972: Results of 
Metromex. Preprints Conf. on Urban Environments, AMS, Boston, 
191-197. 
7. *Gatz, D. F., 1972: Washout ratios in urban and non-urban areas, 
Preprints Conf. on Urban Environments, AMS, Boston, 124-128. 
8. Huff, F. A., and S. A. Changnon, 1972: Climatological assessment of 
urban effects on precipitation at St. Louis. J. Appl. Meteoro., 
11, 823-842. 
9. *Schickedanz, P. T., 1972: The raincell approach to the evaluation of 
rain modification experiments. Preprints 3rd Conf. on Wea. Mod., 
AMS, Boston, 88-95. 
10. *Semonin, R. G. , 1972: Tracer chemical experiments in midwest convective 
clouds. Preprints 3rd Conf. on Wea. Mod., AMS, Boston, 83-87. 
*Those publications also presented orally at a conference. 
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Table 11 (Continued). 
ORAL PRESENTATIONS 
1. Ackerman, B. , "Boundary Layer Studies at St. Louis". Invited Talk 
presented to the Greater St. Louis Chapter of American 
Meteorological Society, March 1972. 
2. Cataneo, R., "Urban Effects on Precipitation - Project Metromex". 
Lecture, Parkland College, Champaign, Feb. 15, 1973. 
3. Cataneo, R. , "Project Metromex - A Description and Some Results", 
Talk, St. Louis Chapter of American Meteorological Society, 
St. Louis., Mar. 15, 1973. 
4. Cataneo, R. , "Some Urban Weather Forecasting Techniques". Lecture, 
Parkland College, Champaign, Nov. 11, 1972. 
5. Cataneo, R. , "Effects of Large Urban Areas Upon Weather". University 
of Illinois Graduate Student Seminar, April 1972. 
6. Changnon, S. A., "Water Survey's Metromex Results to Date". Lecture, 
Chicago AMS Chapter, University of Chicago, February 19, 1973. 
7. Changnon, S. A., "A Metromex Update". Talk, Champaign-Urbana Exchange 
Club, Urbana, March 21, 1973. 
8. Changnon, S. A., "Metromex - History and Applications of its Data". 
Lecture,. Workshop on Urban Ecology, Institute of Ecology, Univ. 
of Texas, Austin, March 31, 1973. 
9. Changnon, S. A. , "Metromex Results and Operations". Interview, WICD-TV, 
Champaign, April 3, 1973. 
10. Changnon, S. A. , "The Metromex Program". Talk, Board of Natural 
. Resources, Pere Marquette State Park, May 17, 1972. 
11. Changnon, S. A., "Water Survey's Metromex Program". Invited Talk 
presented to the Greater St. Louis Chapter of American Meteorological 
Society, May 1972. 
12. Changnon, S. A. , "Inadvertent Weather and Precipitation Modification 
and Hydrologic Implications". Invited paper presented at ASCE 
Water Resources Conference, January 1972, Atlanta, Ga. 
13. Changnon, S. A. , "Planned and Inadvertent Rain Enhancement in Illinois". 
Talk presented to Directors of Soil and Water Conservation 
Districts in Southern Illinois at Mt. Vernon, Illinois, March 1972. 
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Table 11 (Continued). 
14. Changnon, S. A., "Urban Effects on Weather". Invited Lecture for 
Fluid Mechanics Summer Program at Colorado State University, 
July 1972, Ft. Collins, Colo. 
15. Changnon, S. A., "Metromex and the Survey's Atmospheric Science Program". 
Talk presented to State Board of Natural Resources at Pere 
Marquette Park, May 1972. 
16. Changnon, S. A., and F. A. Huff, "Hydrologic Implications of Inadvertent 
Precipitation Modification". Invited paper presented at 1972 
Annual Meeting of American Geophysical Union in April, Washington, 
D. C. 
17. Changnon, S. A., and R. G. Semonin, "Metromex and the Water Survey". 
A joint presentation at a Seminar for the Illinois State Water 
Survey staff, May 1972. 
18. Changnon, S. A., and R. G. Semonin, "A Description of the Goals and 
Activities of Metromex". Joint talk given at the Chemist-Meteorologist 
Workshop, January 1972. 
19. Huff, F. A., "Urban Effects on Precipitation". Talk presented at radio 
station WILL, Urbana, Nov. 8, 1972. 
20. Huff, F. A., "Urban Effects on Rainfall". Invited paper presented at 
meeting of New Mexico Section of ASCE, Santa Fe, October 1972. 
21. Huff, F. A., "Results of Our Studies of Urban Effects on Rainfall". 
Seminar for staff of the Illinois State Water Survey, November 1972. 
22. Jones, D. M. A., "Metromex and Its Influence on You". Invited talk 
to Eastern Illinois Section of Highway Engineers, Paris, Illinois, 
November 1972. 
23. Morgan, G. M., "Severe Storm Research at the Illinois State Water Survey". 
Talk, at the Seventh Tri-State Severe Storms Conference. St. Louis 
University, St. Louis, March 17, 1973. 
24. Semonin, R. G., "Results from Metromex 1971-72". Talk, co-authored 
with Stanley A. Changnon, Jr., 53rd Annual Meeting, American 
Meteorological Society, St. Petersburg, Fl., January 30, 1973. 
25. Semonin, R. G. , "results from Metromex". Talk, presented at East 
Central Illinois Chapter, American Meteorological Society, Champaign, 
Ill., February 7, 1973. 
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Table 11 (Continued). 
26. Semonin, R. G., "Description of Metromex". Presented to Interdepartmental 
Committee on Atmospheric Sciences in Washington, June 1972. 
27. Semonin, R. G., "Trace Metals in Rainwater". Paper presented at 1972 
Annual Meeting of A.G.U. in April, Washington, D. C. 
28. Semonin, R. G., "Rain Scavenging". Lead Project Seminar, University of 
Illinois, January 1972. 
29. Semonin, R. G., and S. A. Changnon, "The Water Survey's Goals, 
Instrumentation, and Findings for Metromex". Joint talk given at 
St. Louis planning meeting at EPA in Research Triangle, North 
Carolina, April 1972. 
30. Staff (Changnon, Semonin, Cataneo, Jones), "Results from 1972 Metromex-
Water Survey Reports". A series of talks presented at St. Louis 
Air Pollution Studies Meeting in St. Louis, November 1972. 
31. Wilson, J. W., "La Porte and Metromex - Two Studies of Inadvertent 
Weather Modification". Seminar at Northeastern Illinois University 
of Chicago, February 1968. 
NEWS MEDIA 
Two Metromex-related 5-minute radio tapes were made by Changnon. One 
for the Illinois Agricultural Association in March 1972 for distribution and 
playing on their statewide radio programs. A second was made for WILL radio 
(University of Illinois) in September 1972. This tape also was distributed 
(to 21 stations) for use in the series "Your University Reports". 
Changnon was involved in three television programs concerning discussion 
of Metromex. The first was in St. Louis (December 1971) and was a 5-minute 
live interview. A second was a video-tape interview (5 minutes) done 
by the Illinois Agricultural Association for distribution and presentation 
on 6 stations. Finally, Metromex was discussed on a 30-minute "talk show" 
on ABC-TV in Chicago on 4 September 1972. 
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